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DIFFERENT CONTOUR ON AN WACA 65(;75)-213 AIRFOIL

By Albexrt L. Braslow
SUMMARY

A two-dimensionsl wind-tunnel investigation was made of
two interchangeable sealed 0.22-alrfoil-chord internally
balanced ailerons on an NACA 65(7170)-213 airfoll. One of the

ailerons tested wes of +true alrfoll contour and the other was
modified by partly eliminating the cusp near the trailing edge.
Testas were made to dstermine the effects of the aileron ccntour .
modification on the section aerodynemic cheracteristlcs of the
airfoil aend aileron. o

The results of the Investigatlion Indicated that the _ .
modification to the alleron contour caused the aileron effective-
ness to Ilncresse slightly at low aileron deflections and to
decrease slightly at large aileron deflections; caused the rate
of change of alleron section hinge-moment coefficient with both
section angle of atieck and aileron deflection to increase
positively; caused little change in the hinge-moment parameter
for a given rate of roll at the low alleron deflections bub an
increase in the hinge-moment parameter for & glven rate of
roll av the high alleron deflections; caused no appreciable
change in the section drag coefficient, rate of change of
sectlion 1ift coefflcient with sectlon angle of attack, and air-
foll critical Mach number; and ceused an increase of approxi-
mately G percent in the marimum section 1ift coefficlent of the
airfoil with the ailerons neutral. The application of stendard
rouginess %o the leading edge of the airfoll increased positively
the rate of change of aileron section hinge-moment coefficient -
with both section angle of attack and aileron deflection, decreased
the aileron effectiveness throvghout the aileron deflection
range, and caused a smaller change in the hinge-moment paresmeter
for the true-contour alleron at any given rate of rcll then for
the modified aileron. Aileron deflecticms of -3° and 3° were
found to have no significant effect otn the airfoil critical
Mach number at the design section 1ift coefficilent.
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INTRODUCTION

Thickening the cusped trailing edge of low-drag alrfolls is
somebimos deslireble, mainly for structural reasons. Encugh experi-
mental data are not availeble at present to show how to thicken
the cusp to teat advantasge, but a method. of thickening this pari
of the airfoll by straight-line falrings has been shown during
previous investizations to alter the asrodynamic characteristics
of some low-drag airfoils. In an attempt to keep changes in the
serodynemic cheracteristics at a wminimum, a compromise modification
was made to the cusp of an NACA 65 112)-213 alrioil by retaining
the original alrfoil mean line while falring out the upper surfate
to a straight line. .

The effect of the contour modlfication on the aileron
effectiveness and hinge moments and on the airfeoll drag cheracteristics
and critical Mach number were determined from an investigatlion in
the Lengley two-dimensional low-turbulence piressure tunnel of the
NACA 65(110)-213 airfoil equipped with two interchengeablo sealed
0.22-airfoll-chord intermally bhalanced ailerons; one of true airfoll
contour and one of the modified contour. Tests were mado with the
alrfoil surfaces asrodynamically smooth and wilith standard roughness
applied to the leading edgme. In addition, the differentlal pressures
acrogs the alleron sgeals wers obtalned for use in estimating the
hinge-moment characteristica of the ailerons with any asmownt of
gealed inbtermal balance.

COEFFICIENTS AND SYMBOLS

The coefflcients and symbols used in the prosentation of
results are defined as follovs:

e alrfoll section 1ift coefficient (1/g.c)

1
Cy alrfoll meximum section liftcoefficient
cyq alrfoll section drag coefficient (d/qoc)

Ap/qo seal~pressure-difference coefficient; positlve vwhen
pressure below seal ls greater than pressure above seal

ch alleron section hinge-moment coafficient based on aileron
chord. (h/qoca?)

aileron sectlion hlnge-moment coefficient based on airfoil
chord (h/qoc?)



where
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airfoll pressure coefficient GIO—CL—.?;-:E)

airfoil 1ift per unlt span
alrfoll drag per unit span

alleron hinge moment per unit span; positive when |
trailing edge cf aileron tends tc deflect dowmward

chord of alrfoil with ailsron nsutral
chord of ailleron behind hinge axis
free-sgtrean dyneamic pressure (%povoz)
free-gtream velocity

free~-stream density

free-stream total pressure

local sgtatic pressure

airfoil section angle of attack, degrees

aileron deflection with respect to airfoil, degrees;
positive when trailing edge is deflected downward

chord of overhang from aileron hinge axis to middle of:__

gap seal
Reynolds number

alrfoil critical Mach number
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s alleron section effectiveness parameter gfn
¢y
[A% I8 Increment of alrfoll section angle of attack
OBy increment of allercn deflection
Casg) allercn section effectlveness parameter; rabtlc of
01 increment of alxfoll section angle of attack to
increment of aileron deflection requlred to maintain
constant section 1ift coefficlent
°Be,, total de,/d8, 1In steady roll
n aileron response parameter
(Ach)s increment of alleron section hinge-moment coefficient
due to ailleron deflectlon at constant section angle
of attack
(Aph> Increment of aileron section hinge-moment coefficlent
& due to change in section angle of attack at consbant
sileron deflection
AcHT - Increment of total alleron section hinge-moment

aileron section hinge-moment parameter ) _
Au67§g_ & D L

coefficient in steady roll

The subscripte to partial derivatives denote the varlables
held constant vhen the partial derivatlives are measured., The
derivatives are measured at-zero angle of attack and zero
alleron deflection.
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MODEL .. -

The model had & 2k-inch chord and was constructed of
laminated mshogany with the exception of the interchengeabls
allerons, which were conetructed of cast aliminum. The two
ailerons tested, which had chords of 0.22c and sealed internal
balances of approximately O.33ca, differed only in contour.

One was of tirue airfoil contour (NACA 65(112)-213)_gg§_yhe

other was modified by the partiel elimination of the cusp near
the treiling edge. The modification consisted of fairing out
the upper-surface cusp near the trailing edge with a sbtraight
line fram a point 0.133c above the trailing edge tangent to
the airfoil contour and modlfying the lower surface s0 as to
retain the criginal airfoil mean line. Ordinates of the basic
NACA 65( 112)-213 airfoil sectlon are given in teble I and the

crdinaves for the ear 30 percent of the modified airfoil are
given in table IT. Sketches of the two ailerons are given

as figure 1. Rubber seals were used along the complete spean _
and at both ends of the allerons to stop the flow of air through
the gaps. L

For the smooth condition of the model, the airfoil surfaces
were sanded with No. LOO carboruvndum paper tc produce an asro-
dynemically smooth finish. For the standard airfoil leading-
edge rcughness condition, the model surfaces were aerodynamically
smootil exce»t that 0.0ll-inch cerborundum grains Were applied
to each airfoil surface at the leading edge over a surface
length of 0.08¢c measured from the leading edge (reference 1).

APPARATUE AWD TESTS

Teats of the model with each of the two ailerons were
made in the Langley two-dimensional low-turbulence pressure
tunnel. The tests included measurements at a Reynolds

number of 8 x 10° of airfoil 1ift and drag, aileron hings

moment, and balance pressure for the aerodynamically smooth
model with verious deflections of each aileron. Alrfoil 1ift,
aileron hinge-moment, and balance-pressure characteristics

vere also determined at a Reynolds nimber of 8 x 10° for the
model with standard roughness applied to the leading edge and
with various deflections of each aileron. With each aileron
neutral, 1lift and drag messurements wers made of the model both
in an serodynemically smooth condition and with stendard le f= 28

edge roughness at Reynolds numbers of 2 X 106, 6 X 106, 8 x 10°,
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and 9 X 106, corresponding to Mach numbers of 0.15, 0.1k, 0,15,
and 0.17, respectively. In addition, airfoll surface pressures
were meagured from the leading edge to 0.70c at a Reynolds

number of 8 x 106 through en approximate range of sectlon 1ift
coefficlent from -0.5 to 1.0 with the ailercns neutral and at
the design sectilon 1lift coeffilcient of 0.20 with the ailerons
deflected -3° and 3°,

Lift and drag measurements were made by the methods briefly
described in reference 1. Airfoil surface pressures and the
pressure difference acrose the alleron assals wore meagured with
static-pressure orifices located along both airfoil surfaces and
in the chember sbove and below the aileron balance plate.
Alleron hinge-moment measurements were made. with a pressure-
bellows balance.

The following factors were applied Lo correct the tunnel
data to free-air conditions:

c, = 0.97701'
cq = O.9920d'
4 = l.OOBgO'
%o = 1.015a,"

vhere the primed guantities represent the values measured in
the tunnel (reference 1).

RESULTS AND DISCUSSION

The basgic section 1ift, drag, hinge-moment, and balance-
pressure data are presented in figures 2 to 6 for the true-
contour alleron and in figures 7 to 1l Tor the modified aileron.
These figures lnclude data for the airfoll with aerodynemically
smooth surfaces and with stendard. roughness applied to the lLeading
edge. The discussion of the data reofers to that obtained at a

Reynolds number of 8 x 106 unless otherwvise stated,

Alleron Effectivencsas

The effects of the alleron contour modification on the
aileron section effectiveness parameter dg &and on c-L8 are

6
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shown in table IIT and curves of. «, against B, at a constant
cy of 0.20 are shown in figure 12. For the sairfoil in an
aerodynanically smooth condition, the effectiveness parameter aa
ig slightly greater for the modifiled aileron than for the true-
contour ailleron. The valves of s for the modified and true-
contour allerons are 97 percent and 94 percent, respectively,

of the thin-airfoil theoretical effectiveness (reference 2) and
17 percent and 12 percent, irespectively, greater than the value
(-0.430) obtained on the NACA 0009 airfoil section (reference 3).
Standard airfoil leading-edge roughness ceused a larger adverse
effect on the effectiveness of the modified aileron than on the
effectiveness of the trus-contour alleron.

In order to show the variation of the alleron effectiveness
with 1ift coefficient and aileron deflection, values of the
effectivensss have been measured between definite aileron
deflections at a constant section 1ift ccefficient and are

designated -Chab/bﬁa)cz. .Vélues of Cﬁm /NS ) are shown

plotted against sectlion lift coefflcient in figure 13 for aileron--
deflection limits of +10° and +20°, The effectiveness of the
modified aileron is slightly greater than that of the true-contour
alleron on the aerodynamically smooth airfoll when measured
between aileron deflections of -10° and 10°. An increase in

the aileron-deflection limits to -20° and 20° causes a larger
reduction in the effectiveness of the modified than of the true-
contour alleron with the result that the true-contour aileron

is slightly more effective at the high aileron deflections., For
the airfoll with svandard roughness applied to the leading edge,
the values of ( /Aﬁa) for the true-contour aileron were higher

than for the modified aileron when measured between_aileron
deflections of both +10° and +20°

Aileron Hinge Moments

The alleron hinge moments and balance pressures were =~ _
measured when the alrfoil angle of attack a, was both increased
and decreased. The valuses of ¢, and A@[qo were generally
found to be more positive for increasing than for decreasing
angles of attack. The total variation usuwally amounted to lees

than 0.006 and 0.06 for cp and Ap/q,, respectively. It is

felt reasonably certain that this difference in the values of cp
and A@/qo was caused by a leg in alleron getting as the angle of
attack was changed due to the method used in attaching the ailerons
to the pressure-bellows balance and also by friction in the
control-surface and hinge-moment balance bearings. Average values

T
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of the section hinge-moment coefficient and seal-pregsure-
difference coefficient are used, therefore, in the presentation
of results.

Section characteristics.- The variations of alleron
section hinge-moment coefficlent cy, ani geal-pregsure-difference
coefficient Ap/q, with airfoil section angle of attack ay
are presented in figures 5 and 6 foi the Ltrue-contouwr ailesron
and in figures 10 and 11 for the modified alleron. The irregu-
lapities that occur in the variation of c¢p with «, for the
smooth alrfoil correspond to the limits of the low-drag range
as shown in figures 2. and 8. Similar irregularities have bsen
noted durlng other two-dimensional investigations of control
surfaces (for exsmple, reference 4t) and are believed to be
caused by the sudden movements in translition along the alrfoil
surfaces at the extremities of the low-drag range. Reference k
indicates that no unusual sileron stick-force characteristics
will be caused by the sudden changes in the two-dimensional
hinge-mament ccefficlentg. The sdditlon of standard roughness
to the alrfoil leasding edge sliminated the irregularities es
shown in figures 5(b). and 10{Db).

o &nd P& for both ailerons

on the smooth and rough ailrfoils are given iIn table III. The
modification to the aileron contour or standard airfoil leading-
edge roughness caused small positive increases in both ¢,

end op . The varistion of o, and Ap/q, with 8, at a .
constant section 1ift coefficient of 0.20 is presented in figure 12.

Values of ®hy? Chgr P

The basic section hinge-moment and balance-pressure. data of
figures 5, 6, 10, and 11 may be umed to estimate the section
hinge-moment characteristics of ailerons of similar conbour and
chord with any amount of sealed intermsal balance by the method
given in reference 5. B B

Bagls foxr comparison.- The meen angle of attack at which an
alleron is operating is altered by the rate of roll. The effect

of the change in angle of attack on the alleron hinge-moment
characteristics must be taken into sccount for comparison of
ailerons fram section data. This correction is ueually made by
use of the congtant-lift concept, in which the assumption 1s
made that the alleron part of the wing acts at constant 1ift
during steady roll., The rate of change of the section hinge-
moment coefficlent with alleron deflectlon in steady roll is
then given by the equation

™
ChaT = chﬁ G. + E’aa Cha (l)
8
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British research, however, has indicated that the parsmeter c
is overgtressed in the constant-lift concept and that a more
accurate equation is

‘ .
ey, =0op t1l-n— (2)
p 5 °ng /

where n 1s a responsge parameter dependent upon the alleron
dimensions, wing aspect ratio and taper, and spanwise location
of the alleron. A typical value of n, equal to 0.2, is given
in a British paper of limited distribution but more recent
NACA data indicate that a more sultable value of n for the
allerons of a modern fighter-type airplene is 0.27, and that
value has been used in the present analysis. Equation (2) is
inadequate for determining the three-dimensional aileron
characteristics, but it may be used for comparing the two a.ilerons
of different contour. In order to apply equation (2) to non-
linear curves 1t has been converted to Ilncrements of the total
aileron section hinge-moment coefficient in steady roll by

ooz - (*i—a)e"(g"h)s E D ﬂl )

The method of analysis is the same as that used in reference &.

Ac
The hinge-moment parameter —Br ; which 1s the ratio of the

fats)
Increment of section hinge-mﬁggnt g'oefficient In steady roll to
the aileron effectiveness, is plotted ageinst the equivalent change
in sectlon angle of attack Ax,  required to maintain a constant
section 1ift coefficient for various deflections of the eileron
from neutral. This method of analysis takes into account
the alleron effectiveness and hinge moment and the possible
mechanlcal advantage between the controls and the allerons. The
aileron span and possible three-dimensional-flow effects are not
consgidered except as indicated in equation (3). The gmaller the
value of the hinge-moment parameter for a givem value of Aag,
the more advantageous the combination should be for providing a
lower control force for a glven valus of the wing-tip helix angle.

Alleron comparison.- Velues of the hinge-moment parameter

il
Dcig [ABg,

\O
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on the airfoil iIn & smooth condition and wlth standerd roughness
applied ta the leading edge. For the smooth airfoll, both ailerons
should provide about the same control force at low aileron
deflections. The true-contour aileron should provide the lower
control force at high aileron deflections for the airfoll in a
smooth condition and through the entire range of deflections
tested for the alrfoll with standard leading-edce roushness.
Although the application of standard roughness generally causes
the value of the hinge-moment parameter to Increase slightly for
any given value of A (fig. 14), ths control force for the
true-contour aileron would chenge less with changes in the surface
condition of the wing, as can be seen from a comparison of the

values of :éEEI,_ for the smooth elrfoll with those for the
Ot 18,

alrfoll with standard leading-edge rovghness.

Lift

The medification to the aileron contour or standard airfoil
leading-edge roughness had.no effect on the airfoil lift-curve
slope with the aileron noutral as shown in table III. The value
of cza is equal to 0.104k for all conditions.

A comparison of figures 2 and 7 shows that the aileron
contour modification Increases appreciably the maximum sectilon
1ift coefficient cy of the alrfoll in & emooth condition.

nax
With the ailerons neutral the contour modification increases +the
value of Yo from 1.37 for the true-contowr aileron to 1.49.

For the alrfoll with standard leading-edge roughness, the aileron
contour modificatlion causes no significant changs in cy

The reductlon in the value of cy ceused by st&ndardmi%ading-
max

edge roughness 1s similar to the decrease found for other NACA 55-
series alrfolls of comparable thickness (reference 1).

The effect of Reynolds mwmber between 2 x 100 and 9 x 106
cn the section 1ift characteristics of the airfoll in the esmooth
and rough corditions is shown in figures 4 and 9 for the neutral
position of the true-contour and modified aillerons, respectively.
Simllar effects of Reynolds number are noted for the two allerons.

An increase in Reynolds number from 2 X 106 to 6 X 106 causes a

large increase in maximum section 1lift coefficient for the smooth
elrfoll; however, & further increase in Reynolds number to 9 x 1C
cavses no appreclable change. For the airfoil with standard
leading-edge roughness, Reynolds number through the range investigated
has no significant effect on the value of czmax'

10
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Drag i

The aileron conhour modlfication has no significant effect
on the smooth alrfoil section drag characteristics except at an
aileron deflection of 20° as can be seen by comparing figure 3
for the true-contour alleron with figure 8 for the modified
aileron. The values of the sectlicon drag coefficients for the
20° deflection of the modified aileron are doubtful, however,
because of probasble cross-flow a2long the span of the model. With
the exception of the 20° doflectlon, & low-drag "bucket" was
realized at all deflections of both alleroms.

The effect of Increeging the Reyrolds numbher from 2 X 106

to 9 X lO6 was normal, that is, the value of the minlmm section
drag coefficient and the range of section 1lift coefficient for
low-drag values dscreased with increasing Reynolds number (figs. b
and 9). The increase in the values of cg caused by standard
airfoil leading-edge roughness (figs. &4 and 9) ie similar to that
of other NACA 65-gevies airfolls of comparable thickness
{(reference 1).

Airfoil Pressure Distridutlon end Critical Mach Number

The pressure coefficients over both alrfoil surfaces from
the leading edge to 0.70¢ are presented in figure 15 throvgh an T
approximate range of sectlon 1lift coefficlent from -0.5 to 1.0
for the airfoll with a neutral position of both the true-contour S
and modified ailerons. The variation of alrfoll critlcal Mach ) T
number M., estimabed by von EKérman!s method from the experimental
surface pressurea (reference T), with section 1ift coefficient is
presented in figure 16. The modification to the aileron contour
had very little effect on the values of M.,.. Theorstical values
of Moy for the NACA 65(112)-213 airfoil section, calculated by
the methods of reference 1, are also presented in figure 16. Good
agreement exists between the values of Mcr predicted from theory
and from the experimentsal data in the range of section 1ift coeffi-
cient for high critical Mach number and low drag.

The chordwise variation of alrfoil pressure coefficient at
approximately the design section 1ift coefflcient of 0.20 is
presented in figure 17 for the airfoil with each aileron deflected
-3°, 0°, end 3°."Because the value of M, 1s a direct function -

of the peak pressure on the airfoil surface, the close agreement
in the peak values of S for the aileron deflectlions tested
indicate a neglegible effect of an aileron deflection of -32 or 3°

11
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on the airfoil critical Mach mumber at a constant section 1lift
coefficlent of 0.20.

CONCLUSIONS

A two-dimensional wind-tunnel Investlgation was made of
an NACA 65(31p)-213 airfoll equipped with two interchangesble
gealed 0.22-airfoil-chord intermally halanced ailerons of
different contour. One of the allerona tested was of true ailrfoil
contour snd the other was modified by the paritlel elimination
of the cusp near the trailling sdge. The data obtalned indicated
the followlng conclusions: ‘

1. Modification of alleron contour caused

(&) The aileron effectiveness to incroase slightly at
low aileron deflectlons end to decrease slightly at high
aileron deflections

(b) The rate of change of aileron section hinge-moment
coefficient with both section angle of attack snd alleron
deflectlion to increese positively

(c) Little change in the hinge-moment parsmeter for
a glven rate of roll at the low aileron deflectlons but
an increase in the hinge-moment parameter for a given rate
of roll at the high alleron deflectlcns

(d) No appreciable change in the section drag coeffi-
clent, rate of change of section 1lift ccefficlent with
sectlion angle of attack, and airfoil critical.-Mach number

(e) An increase of approximately 9 percent in the
maximm section lift coefficient of the ailrfoll with the
allsrons neutral

2. The gpplication of standard roughnessg to the leading
edge of the alrfoil ' :

(a) Increased positively the rate of change of aileron
gection hinge-moment coefficlent with both section engle of
attack and sileran deflection

(b) Decreased the alleron effectiveness throughout the
alleron deflection range

12
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(c) Caused a smaller chenge in the hinge-moment N
parameter for the true-contour alleron at any given rate
of roll than for the modified alleron

3 Aileron deflections of -3° and 3° had no significant
effect on the airfoll ciritical Mach number at the design section
11t coefficient of 0.20.

Langley Memorial Aeronauticel Laboratory
Nationsl Advisory Committee for Aeronautics
Langley Field, Va , March 1, 1946
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TABLE I

ORDINATES FOR NACA ,65(112)-215 AIRFOIL SECTION

[Stations and ordinates glven in percent
of airfoll chord] '

Uppet Surface Lower Surface
Statlion |[Ordinsate Station |Ordinate
o] 0 0 0
Y 1.0 Y 8 - 2
.2’28 1.2 2 ogll.g "l.g%9
1.1L6 1.617 1.354 -1.583
z.g 3 2.212 2.617 -1.842
L.867 3,13 5.13g =2.50
7.865 3082 7.65 -5.00
e 6 QLI- 2 lo.lgs —zo}-‘-29
10852 | 27 20-150 | 3%
23291 7.163 582083 -5:2:?.7
.93 7.433 35.062 -5.,371
SR PR | 8| 35
251017 2:358 Bl .983 -145;:767
0.03%3 6.L25 23.967 -l .283
63:0u0 | 2:142 o0 | 2. T3t
| | ) e
85.050 2:3 g 5)32950 -1.092
90.038 1.542 89.962 -.50
100.000 0 100.000 0
B J

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TAB

LE IT

NACA

ORDINATES FOR REAR 30 PERCENT OF MODIFIED
NACA 65(112)-215 AIRFOIL SECTION

[stations and ordinates given in

percent of alrfoll chord]

TN No.

1099

Statlon ordinate
Upper surface Lower surface
70' 000 )2. 029 -3 ‘)258
.OOOI .22 -2. 2
8.000 5.&08 -1.793
88.000 2.592 =1.23%
2o i 38
138: 000 :2%3 -.i33

TABLE III

SECTION PARAMETERS MEASURED AT a, = 0° AND 6, =0° FOR R =8 x 106
b g (] [+
su?l%ce tq ts * ®hy ®hyg Fa Ps
' True=contour aileron'
8mooth 0.104 | 0.059 | =0.540 | =0.0038 | «0.0081 | 0.036 | 0.095
Rough .10l .053% -.505 | =.0035| =-.0067 .029 .086
Modified alleron

Smooth 0.104 { 0.060 | =0.560 | =0.0031 | =0.0077 | 0.042 | 0.082
Rough .10k .051 -.490 | =.,0027 | =-.0065 .029 .073

1
"Smooth™ and "Rough®" refer to the airfoil with aerodynamically

smooth surfaces and wlth standard leading-edge roughness.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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sealsed internally balanced alleron.
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(&) True-contour alleron.
Flgure 17 .~ Experimental pressure distributions for an
NACA 65 =213 airfoili sectlon equipped with a
(112)

sealed 0.22c¢ internally balanced alleron. Tests,
T 704 and T,
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{b) Modified aileron.
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